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Abstract

Whole soybean cereal was fermented with four fungal strains (Mucor and Rhizopus) in pilot meju
fermentation system. The pH range of the fermented soybean cereal was 7.16~8.38, the contents of reducing
sugar and amino-nitrogen were 0.54~2.64%, 93~312 mg%, respectively, and that of free fatty acid ranged
0.06~2.00%. The components of the amind acid, organic acid, free sugars and fatty acid showed distinctive
patters among four groups of fermented soybean cereals. Amylase activity and carbohydrate degradation rate
of R. oryzae, protease and protein degradation rate of R. stolomifer was higher than other strains. But lipase
and lipid degradation rates of four strains were similar. The odor concentrates of the soybean cereals
fermented with Mucor strains were similar to Aspergillus strains, but Rhizopus were possessed of the flavor
components of Bacillus and Aspergillus. Soysauce, made from M. hiemalis and R. stolonifer fermented
soybean cereal showed excellent sensory evaluation and it was proposed that the two strains will be useful in

Korean soysauce process.
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£ AFoliM e ARl Rt F5 7R o}
A7 A7d7) SRR 92 Mucors}t Rhizopus
& FF 43¢ AFAQ HF AL system] FLF
wade] H4# B2 sk M circinlloides, M.
hiemalis, R. oryzae, Z12) 3L R stolonifer& )48l of
g Azt AZ FLvF2] amylase, protease,
lipase?] AAAE 24T FF, obvliAl, AWl
9 Ak AES f74L IR 58 ¥4
A 2t FEEE 55 A E-& Aol & ddeH
M. hiemalis$} R. stolonifer 2. WA X v|F-F o]-§-8}
o 944 Fol9] AIZAE tHE 4 gl deby
£ 77} Mucors} Rhizopuss: d-& ©]-83F FUvi5
o} waFA WY EFE AT ol o8y ¢
A7 Az AEd vdo] g 4 gl A
o] 7 ZAsg ¥ w3} el
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AEuFe AalgdFE o] W] XY M
circinlloides D-1, M. hiemalis E-1, R. oryzae T-2, "L
3 R. stolonifer U-1 43-& F-oF o} A g A-4-314
t}. 2} FFE 5% soytone broth (Difcoyeli Al i o8]
(30°C, 48 hr) FAHY ok 2 wfFdg A 2ol
AHgslg e 24 A9k GR % EP 59 7S
A3}

of|% g 2FEre| M

A8 d5E 199640 s3E Y= WelE A}
43}gich L FE B 5§ 20Ce] Eoll 10417 &
ok x| st AAN F F7]9F 1.2 kg/em®®] NKFA}
7)ol 2087F ZA4F e 100X 200% 30 cm®] A=
Aldl| 100 kge] 27418 F-E 93 &5 i dE ol
Zafe] 0.05% (wiw)S A HEsed Az o5
Az MRS £5E 30+ 1°CE, 5 Al
X 80+5%% =Asldoen v dEALGLE 24
AZg 71EL2 45A7A 2 slgch HEA =)
e EAE 3 ARE 4FE A Al
40°Ce] Az7)oA sEe] 15%Y = HEE Az}
o 744 e ZdvFe st WS oF, 2
o] u)go] 1:1:4 (wwyt HEF &3t 25°CY
SAANA 6087 $AAND F b HFE #e
st o) 8 QAT vFE AR Ygoz 5
ot ald P7h-& 100°Cel A 30871 22l F F

GE2g AAST Pz o ultrafiltration system
(Sunkyoung, cut-off M.W. 100,000 kDa)el] <] 3}-3}cq
FEY7E A AHAFLE 4. Axd A4
Eo WeARe ub 9% whe wel 1049
panel g HiAFo 2 b, 87|, HA}ell ciste 5H HH
Y@ o$ fck, 2 o), 3 2golv), 4 Fo}, 5 ¢
Frho g AAzgen A= ANOVA #Aoz
)2]§ ¥ Ducan's multiple range test f-2]44-& 7
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£} Dubois 5] phenol-sulfuric acid ¥4 2.
2, 8938 Somogyi™eg 2o 24
Zx(micro-kjeldzh']), ©}7]cei3l 2 (Sorensen formal
titration®] ), 2] A (Privett’t]), ¥, pH & WA F
Ao g A3t

BARY §Y

WF 10 g& GAAPE e Zol mass flaskell &2
= ZH5E 100 mLAA A 3087 sty
YA oA 2X17F AR ohg 1087 YAEE
(10,000 g, 4°C)3}e] 1 A5AS TEAZ 3ot
Amylase $4-2 1% soluble starchE 7] 23} A
e 289FE Somogyitfor Ao
protease AL 0.5% caseing 7|22t PAHH
tyrosined Folin's*] "2 &, lipase ¥4 10% oF
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= st
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$elwe) Al ¥-¥AL Sugar Pak Column (0.4 mm X
30 cm)g- A3 HPLC (Waters 410, US.A)E, #7114t
& Cap cell pak C18 column-g #3%t HPLC (Waters
994, U.S.A.), f-2]o}u] AR PICOTAG system& ©]
£% HPLC (HP 1050 amino acid analyzer, U.S.A.)
systemol] 4] ¥438tglcl. F2) A AR Nukol 2-4131
(15 m x0.32 mm) capillary column3} flame ionization
detectorE A28 GC/MS (HP 5890, U.S.A)ollA] 4
st 7] Ad -2 Head space autosampler (Tekmar
7,000)7} 4ZA¥ GC/MS (HP 5890, US.A)lA #-483}
ook Alge] 24|, ¥827, mobile phase, detector &
& Hpo2] yhyol Fte] A AsHlet
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oiFae] 4%

AYFF 458 AF3 45417 LAY FUvF9
995 g DA M. circinlloides®] FAR= |
HA22 20 mm o1 47HA) AREE R T4 ol
Wt M. hiemalise Q3422 2-3 mm7}R] FA}
A ekt A1ERE gl =AFY R oryzaed]
FAHE stk $200] AIsto] BUo) nolA) e A
=2 s o} B 32 9l R swolonifer=
3l FArl 2-3 mm AEE AT 5
o] =t 52| pHE FAHTNA pH 6.40]
i Zo] M. circinlloidesol| & 7.1674%], 18|53 M.
hiemalis, R. oryzae, R. stolonifert= 8.11~8.387}4] Al<
dgon wFe] 8L FAFe 60% HelelA
oJrAE Zhadle oln] Mgl A9 u|3A
53~55%9& frxI8tadch(Table 1). b4, £ odFollA
AzxE FdvFe] pHE dybdel AA=F92 pH
al 6.5~7.52] WS} AspergillusE o] 8% 3099
70-80 Hohe Eshem AT Az AYsA A
X 0% Bacillus® w3792 pH 8.25~8.36, 18]
Bacillus%: F5-§ ©1 43 S48 FUuF2] A 20
A 3%l pH 7.98~8.689] = 9]¢} u]szaaich.

Amylase #4 % & M2

o} F-2] amylase A2 Mucor$} Rhizopusoilx A4
% x}o)B B M, circinlloides?} M. hiemalisol A+
0.6 unit/g FF 22, R oryzae?} R. stoloniferol| A+
z}z} 8.16 unit/g, 5.87 unit/gd] VAL YRl
o] (Table 2) 3L R. oryzae] 8.21%A M.
circinlloides®) 9.17%2] W92 ZA}=E i (Table 1).
o] ZAIME RO Astel vHAIAZ amylase
A Fggeke 4o ARBAY} s e F
Table 1. Contents of total sugar, reducing sugar, total
nitrogen, amino nitrogen, total lipid and free fatty acid

of soybean cereals fermented for 45 hrs at 30°C, in-
oculated with Micor and Rhizopus strains

M. cir- M. R. R. sto-
cinlloides hiemalis oryzae lonifer

Total sugar (%) 9.17 8.85 8.21 8.36
Reducing Sugar (%) 1.62 0.54 1.50 2.64
Total nitrogen (%) 349 353 3.68 3.53
Amino nitrogen (mg%) 93 184 290 312
Total lipid (%) 7.59 8.22 7.93 7.66
Free fatty acid (%) 2.00 1.49 159 0.06
Moisture content (%) 54.6 53.2 552 544
pH 7.16 8.38 8.11 8.22

Table 2. Amylase, protease and lipase activities in the
filtrates of soybean ceresls fermemted for 45 hrs at
30°C, inoculated with Mucor and Rhizopus steains

(Unit: unit/g)
M M. R R
circinlloides  hiemalis oryzae  stolonifer
Amylase 0.66 0.60 8.16 5.87
Protease 0.06 0.27 0.45 1.11
Lipase 0.78 0.44 0.48 0.90

A=]o] amylase A o] & AYT= FEHE o)
L8] Fo} viFe] FFpo] JH o8 Yolx
amylase &4 e] F& AYF& 32 o]f-go] Yo} &
o] ol A H O R Folxle e HAFY
o). g, 28UFL M. hiemalis®] 0.54%44 R
stolonifer2] 2.64% *$) 2 A=) A. oryzaed o]&
3 AF koji®] AZA] Fghelde] 2% W R HEH
Tha B2 Yong®™e) Ashsh vlLsbalet. 2t F 3
2529 feld 24 ZA3(Table 4), stachyose”} H]mL
A 28 253 2459 o raffinoser= M. hiemalis
2} R. oryzaeol| A, sucrose= R. stoloniferol|A] Eo)4
02 =4 AE=ct €4, wlFelAe] stachyose,
raffinose 2} & H2]Fe] diAlellE o-galactosidase2}
ZHe FAEo] 24 Aog AzEHiAG 1 x4
42 o1 gl vl glo e Ags) Ay
ol & sucrose (5~6%), stachyose (4~5%), raffinose (1~
1.5%) ©] 2]l % arabinogalactan, galacturomanan, pectin,
hemicellulose 52} t}FF-Eo) £Al8l= Ao 48
A glom g wFal AFe] dRAIAA A o] A
F-Eo] wiste} AFAFe FAld viAe 9% 5L
A7 & ¥eUl g AeE JzEc

Protease #4 % &L AE

Algo|Fe) child Bl i AL M. circinlloides
A& 0.06 unit/ge 2 gk ovt R stoloniferol A+
1.11 univg®] AL B A RO B, subtilis?} v]5
¥ ZAAE Jehuiigicl Al A Re] Ry
EE vehile ol e A4 (AN)2] e 93~312
mg%2] W2 A Faaso 94 e A
FAE Yepligich ol2i® A= Bacillusd: Adg
o183 A=A AZEA1S] ANe] 200~500 mg%hehe B
T} A oryzae 3E-E ©| &% UF koji AZAE]
ANo] 300 mg% FFolehe R v]sle] 7t o
2 $Fo%}. HFFEES oprlAl A6 ¥
4723 Table 35} ztr}. 7t F54 obelxAl 2A
& A9 wohs o] H A= o2 asparagine®] o] 7}
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A E9kov] B3] M. circinlloides A8 7olAE HA
ofu] Akl 76% X7} asparagine S ® & c).

Table 3. Composition of amino acids in the flitrates of
soybean cereals fermented for 45 hrs at 30°C, inoculated

with Mucor and Rhizopus strains
(Unit: relative peak area %)
M M. R R
circinlloides  hiemalis oryzae  stolonifer
Asp 1.72 6.74 422 3.07
Glu 3.06 5.88 9.47 8.71
Asn 75.86 35.65 36.53 27.19
Ser 0.34 1.21 1.08 227
His 1.74 3.88 370 5.64
Gly 1.32 271 2.50 2.55
Thr 0.35 1.76 0.99 1.30
Ala 1.35 2.67 1.78 3.30
Arg 1.42 8.12 2.90 3.65
Tyr 1.37 3.94 3.38 347
Cys 0.38 0.50 1.00 0.38
Val 135 3.67 4.45 11.33
Met 0.33 124 1.02 0.98
Phe 0.62 2.18 1.45 467
Hleu 3.53 9.15 10.10 5.76
Leu 2.56 5.11 7.79 6.35
Lys 1.30 2.72 4.31 6.11
Pro 1.40 2.87 3.33 3.27
Total 100.00 100.00 100.00 100.00

o] 2o R. stoloniferol| A= valine®|, M. hiemaliss)]
A+ arginine?] ¥eFo] FJuiHoE T4 HEHUL
v ok ofrleAle] ke olu] B uy vF A4¥-F
9} o} Al Ao iyt QA9 wjsalg]c).

Lipase @4 % X|3 48

Mucor$} Rhizopus 358 AFY ©I54 lipase &
A1 & 0.44~0.90 unit/g o2 TA}5|o}(Table 2) Bacillus
& Al5F-2] 0.1 unit/g®] w)s}e] lipase BAo] ¥t
o}, w52 FAAFL FAA Tl 84% ol
Aol vF WA Fel= 7.59~8.22%2 73A5hod(Table
1) 22142 2-9% A7} 59 dAlTA o] o] 4=
QA& & = slen X329 o) 4§ lipase¥A 3}
freAel AREArE gt ol feiAgARe
1~2% A& &% % o](Table 1) Bacillus® A7-F-&
o]-43} v]F02] 1% Weje} vy HIE B
20} R stoloniferdl A& f-elxwhilo] Ao 7EER]
ohot e frejAlale] BaIA AN 2uEE
4 5 Usich wF A At A¥H A7 H(Table
4), ©i|F Aate] 242 o8 AY TN 2 F7}
A By WF, AFA, dF 5 x|z s
B)52%t ofAyolel o} M. circinlloideso A+ o]9b=
A3 o2 AWt 2AHE B3l F, 98 AYT
A& 50% W ]9] §Feg ol C18:2 (linoleic acid)
7} 1245%2 7}Asta, FiH o o8 ATl s

Table 4. Compositions of free sugars, free fatty acids and organic acids in the filtrates of soybean cereals fermented
for 45 hrs at 30°C, inoculated with Mucor and Rhizopus strains

M. circinlloides M. hiemalis R. oryzae R. stolonifer
Sugars (%) Stachyose 1.60 4.52 3.49 522
Raffinose 0.00 2.50 4.15 0.00
Sucrose 0.08 0.26 0.00 1.89
Ghucose 0.05 0.42 0.00 0.00
Fructose 0.15 0.32 0.03 0.14
Fatty acids (peak area %) C16:0 37.67 18.66 16.13 21.04
C18:1 11.63 28.52 29.57 21.93
C18:2 12.45 46.84 47.94 51.60
C18:3 ' 0.95 5.95 6.33 5.43
C18:4 20.00 0.00 0.00 0.00
C20:0 4.12 0.02 0.02 0.00
C20:1 13.21 0.00 0.00 0.00
Organic acids (mg %) Tartaric acid 0.11 2.17 0.18 0.82
Malic acid 0.13 047 0.47 1.61
Acetic acid 0.18 0.82 0.54 0.46
Lactic acid 0.26 0.65 0.36 1.02
Citric acid 0.04 0.11 0.12 0.76
Succinic acid 0.03 0.85 0.23 0.34
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A9 HAE=R 9& Cl18:4 (stearidonic acid), C20:0
(arachidic acid), C20:1 (eicosenoic acid)”’} zz} 20.0%,
4.2%, 13.2%2. ZA1EC) ol HY Apdyedae 3
veluta] e Aubakeg d#3l C18:4, C20:0, C20
11 5o] teke g AEW AL diFe F8 Aupatal
linoleic acidv} linolenic acid”} M. circinlloides$] )%
Faiut Apgake] Aol oaje] My ZoR B
A 1 Aol st oFA7A]l WAl bl gl
2% o8l 4794 € Aeg Moz

R4

] 67}A] f7)4F AR ¥Asl o AAE
Table 4l )3t /7148 ¢efE 0.75~5.07%
2} Y g v Bacillusg o} 43 FUF2 {714
ekal® ulsgt fFogde) WA, 74 dFol| aet M.

hiemaliss| A& tartatic acd7}, R. stoloniferol| 41\ malic
acid®} citric acid®) Hapo] SolH oz FA A
sict.

o142

7 | F25E 4090 P18 AEsE 1
2 A¥-E Bacillus® W Aspergillus™§ ©]-4-3 FY
W] 71483} wmsted Table 5ol FelBaict
Mucor& 30| A= Bacillusol| 5t 80140 2 vjeh}
= WS AEEA gskon R-E Aspergillus
o] ol FARE ARe] 2AFEIGICE. o] w3l
Rhizopus$; FF-o| 4 Bacillus®] SAZ Q] 7|48
22 ote}al benzaldehydes} pyrazineR 33HE3} 3}
A Aspergilluso| A vt Ao 2 7&% dl-limonene,
2,3-butanediol $%. &= o] Aspergillus®} Bacillus2)

Table 5. Comparison of major volatile compounds of soybean cereals fermented for 45 hrs inoculated with Bacillus,

Aspergillus, Mucor and Rhizopus strains (Unit: Relative peak area %)
Compounds)strains' Bn Bs Ao As Mc Mh Ro Rs
2-octanamine, N-(1-methytheptyl) 0.12 - - - - - - -
acetic acid, ethenyl ester 1.15 - - - - - - ~
heptanal 0.14 0.81 - - - - - -
oxazole, trimethyl 1.40 - - - - - - -
formic acid, hexyl ester - 1.47 - - - - - -
1-hexanol 0.25 - - - - - - -
disulfide, dimethyl 1.28 1.23 - - - - - -
2-butanone, 3-hydroxy-3-methyl - - - - - - - 0.79
propane, 1-methoxy-2-methyl 0.86 2.05 - - - - - -
pyrazine, 2-5-dimethyl 0.54 1.51 - - - - 0.25 0.74
pyrazine, tetramethyl 432 3.93 - - - - - 225
benzaldehyde 0.21 1.72 - - - - - 0.73
pyrazine, trimethyl 2.54 331 - - - - 0.09 200
ethanedioic acid, bis (trimethylsilyl) - - - - - - - -
2-butanone - 353 0.18 1.63 - - 2.46 1.75
butanal, 3-methyl - 36.36 0.38 3.55 - 0.32 - 8.74
2-propanol 0.96 - - 1.23 - 0.19 0.23 -
1-propanol 14.90 - 9.85 2.08 1.29 0.19 0.31 1.21
ethanol 27.15 1.61 80.87 39.46 95.93 93.27 86.21 32.66
1-butanol, 3-methyl 1.80 0.59 1.27 0.86 0.26 0.19 133 1.97
acetic acid 3.98 12.31 3.63 18.53 0.32 0.72 1.25 3.10

acetic acid, ethyl ester - -
acridine, 9-methyl - -
dl-limonene - -
2-butanone, 3-hydroxy - -
2,3-butanediol -

- - 0.45 0.57 0.14 -

- 381 - - -
0.07 0.75 - - - 0.74
0.38 - 0.23 - - 1.30
0.68 1.44 0.02 0.18 0.16 -

*Strains, Bn: B. natto MJ-3, Bs: B. subtilis MJ-4, Ao: A. oryzae CF-1001, As: A. sojae CF-3001, Mc: M. circinlloides, Mh: M.

hiemalis, Ro: R. oryzae, Rs: R. stolonifer.

The results of Bacillus and Aspergillus were referred to previous study by author®'?.

The Mucor and Rhizopus were collected for the studies of Korean traditional meju in Korea National University of Education

©11)
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FA4& FHshe Aos 2AEY. €9, 24 AT
R OB Ao s B4ES B9Feon
ol§ 293 o9} zri(data not shown). M.
circinlloidess | = & 22F9] ¥r|A8e) AL
2.1} ethanolo] 95.9%%] &8 B4 1-propanol
(1.29%)°] 21] peak§ H5i-& B oiH-E2) A¥o)
1% ol8te] vigoR Hgsglem o] F pentane
(0.23%), diformate butanediol (0.22%), benzenmethanol
(0.02%), butyl ester formic acid (0.01%) S-o] Ho]A &
22 ZAME AT M. hiemalis| M E % 1632 37)
0] 73¥= %01} ethanolo] 93.3%2] P& B
3L 2-propasone (1.19%)] ¢F7H9] peak§ H3i& ¥
2] Aol 1% ol3he] mjge g Heslglow
o] 7H&-dl cyclopentanol (0.07%), 1,3-dioxolane (0.03%)
Fol vige] Bolgi oz FAIE et R oryzaecl A
£ 3 153 ¥riAd¥e] 7Es2lon ethanolo]
86.2%%] =& ¥ 3 2-butanone (2.46%), 1-propanol
(3.0%), 3-methyl-1-butanol (1.33), acetic acid (1.25%)
ol & 4xog HE= U} 53] Bacillusd<] 3
7VE2 2 4B pyrazineF 2{HE0] 2% HEE A
= Bacillus 4 v AgelAE YR 4L 26-
dimethyl-pyrazine (0.25%)°] 71 &=¢ich. R stolonifer
oM F 2852] YriAEo] HAEs s ekt
P 1AE TG Redpglen o] F, ethanol (32.7%),
1-propanel (1.21%), 1-heptanol (0.85%), 3-methyl-1-
butanol (1.97%), 1-pentancl (0.29%), 1-butanol (0.18%),
2-pentanol (0.45%) 5] alcoholF-2] t}ekAi s} ghafo]
Eolx o EA ZAFESIC) Bacilluss-o) 87148
o2 ¢ejA pyrazineH APE 353 2,6-dimethyl-
pyrazine (0.25%)°] 7 &= ¥}

AMHZE 215 Y

FFE Az A & P ¥ 25°C
A 60U 54T AAE T3l AR
2] Wy A A3 ch(Table 6). #3537} A3}
M. circinlloides®} R. oryzae Aol 1o gt
3 o] =AA HH3HE el e} M. hiemalis<}
R. stoloniferl Al ks Bl vl ¥ & AEEE
BeiZgch B8] M. hiemalis AYFANE 47be)
etz Ajeiz A Z3pEickes WS dgked R
stoloniferdll A& ¢f7k2] AFo ol W3l FL 1S
B4k by g o] AR Az
ol M. hiemaliss} R. stoloniferd A8l Zlo] &
FHHd e Jrised, o #goenes AR
oA B 1% ulel 2to| Bacillus\} Aspergillus2 A2

Table 6. Sensory evaluation of the soysauces made
from whoale soybean cereals lermented with Mucor and
Rkizopus strains

M. M. R. R
Sample circinlloides  hiemal s oryzae  stolonifer
Taste 14 .7 11" 3
Flavor 18 41" 1.3° 39
Color 3.2 31 32 29

*Values in the same column with different superscript letters
are significantly different from ¢ thers at p<0.05 level.

¥ AFE )] AHF AR HENAS B
Hed 88 Ao 7ldsigdch

2 o

FYUvl|F WH pilot sysemol] M. circinlloides, M.
hiemalis, R. oryzae, R. stcloniferg =7} #E8}ed
AL EEAZ F ejFe] BG4, U4, 37)
AR 55 BM3a ad fFEe e A
slo] AJEL #5-g Wrlshdc) vlSe] pHE 7.16~
8.38, FAUFL 0.54~2.64%, o}Vl el A 2E 93~312
mg%, -] WAL 0.06~2.00%2] $30]g)on o}n]
Ab el Al 7149 B4 As, 2 J5)
w2l B39l 7A4u]E Ba|Fgirh. Amylase 43}
FFel EHEE R oryzac), protease ¥AL R
stolonifer7} 713 39t ligase 847} X 4l2] Bax
£ 7 F592 2 ol w14 Wsieh ol ]
AE 4 A Mucord: T 5 Aspergillus®} w53+
IR Al Ao ARG Rhizopussdy
TF5E Bacillus®] SRR ¥ridEog =l
benzaldehyde, pyrazine§ 3H4FE-3 §17) Aspergillusol)
At BExx e g AZ&% dllimonene, 2,3-butanediol
5% &5 Aspergillus®} Bacilluse) A& 3%
e AL AN & AF2 e A=y A
3}, M. hiemalis®} R. stolonifir A¥ 77} & B5
7HE B o] F AFE |48 FUvFE AR
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